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DESCRIPTION 

PEAK POWER SUPPRESSING APPARATUS AND METHOD OF 
SUPPRESSING PEAK POWER 

5 

• Technical Field 

[0001].. The present invention relates to a peak power 
suppressing apparatus and a method of suppressing peak 
power for suppressing the peak power of a mul t i- car r ier 
10 signal represented by an OFDM (Orthogonal Frequency 
Division Multiplexing) signal. 

Background Art 

[0002] . .Re:Cently, VSF-OFCDM (Variable Spreading 
15 Factor-Orthogonal Frequency and Code Division 
Multiplexing) is given attention as the strongest 
candidate for the scheme to be employed in for the fourth 
generation mobile communication. If VSF-OFCDM is 
employed, the maximum transmission speed over lOOMbs can 
20 be achieved using approximately SOMHz-lOOMHz bandwidth. 
..[0003] Generally, with a multi-carrier communication 
method such ' as VSF-OFCDM, transmissioli signals 
superimposed- upon a plurality of carriers are added on 
the time axis and produce high peak power. A high power 
-25 amplifier (HPA) having sufficiently large input back off 
(IBO) is required to perform linear amplification on such 
multi-carrier signals having high peak power, which 
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decreases power efficiency. 

[0004] Therefore, particularly with in multi-carrier 
communication methods, a multi-carrier signal needs to 
have its peak power suppressed and then input to an 
amplifier such as HPA. Methods of peak power suppression 
include the following: 

[0005] Non-patent document 1, for example, discloses a 
process referred to as clipping. Clipping is a method 
of ^^clipping" (cutting) multi-carrier signals* generated 
by oyer sampling in a predetermined power irange and 
removing the out-of-band component produced b;y clipping 
through filtering. Clipping may suppress the peak power 
with simple process but causes interference between 
sub-carriers since non-linear process is performed and 
deteriorates the error characteristics of . the 
multi-carrier signal. 

[0006] Aprocess referred to as partial transmit sequence 
(PTS) is disclosed in non-patent document 2, for example, 
as a method of suppressing peak power without involving 
deterioration of error characteristics. In PTS, 

carriers of multi-carrier signals are classified into 
a plurality of clusters, and a phase weight is added to 
each cluster to shift the position of the peak in each 
cluster. The peak power of the transmission signal 
obtained by adding the clusters is suppressed by shif tin.g 
the peak positions in the clusters. 

[0007] Many methods of suppressing the peak power of 
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multi-carrier signals , in particular, OFDM signals, have 
been proposed in addition to the above clipping and partial 
transmit sequence methods. 

5 Non-patent Document 1: 0'Neill,R.and Lopes ,L.B. (1995), 
"Envelope Variations and Spectral Splatter in Clipped 
Multicarrier Signals", IEEE conference proceedings PIMRC, 
pp. 71-76. 

Non-patent Document 2: Muller, S.H. and Ruber, J.B. 
10 (1997)., "OFDM with Reduced Peak to Average Power Ratio 
by Optimum Combination of Partial Transmit Sequences", 
lEE Electronics Letters, Vol.33, No-5, February, 
pp . 3 6 8 - 3 6 9 . 

15 Disclosure of Invention 

Problems to be Solved by the Invention 

[0008] However, conventional methods of peak power 
suppression presents the following problems. 
[0009] That is, since clipping is merely a method of 
20 cutting the portion of a signal having a peak, non-linear 
distortion occurs, and the" error characteristics of 
multi-carrier signals deteriorate. 

[OOl'O] ' Further, with methods such as PTS, deterioration 
of the error characteristics may be prevented but the 
25 calculation process for suppressing the peak power 
becomes complicating, and, as a result, causes processing 
delay and increases circuit dimension. 



2F04154-PCT 4 

[0011] It is therefore an object of the present invention 
to provide a peak power suppressing apparatus and a method 
of suppressing peak power for suppressing the peak power 
with simple process without deteriorating the error 
5 characteristics of the multi-carrier signal. 

Means for Solving the Problem 

[0012] A peak power suppressing apparatus accord.ing to 
the present invention employs a configuration having: 

10 a generation section that .generates a mult i^ carrier 
signal in which data is superimposed on a plurality of 
carriers; a conversion section that converts power of 
the generated multi-carrier signal with a non-linear 
function whereby an input value is mapped in a direction 

15 an absolute value becomes larger near the origin and the 
map of the input value gradually approaches a 
predetermined value as the map becomes distant from the 
origin; and a transmission section that transmits the 
multi-carrier signal after the power conversion. 

20 [0013] A peak power suppression method according to the 
present invention has the steps of: generating a 
,mul,.ti-carrier signal in which data is superimposed on 
a plurality of carriers; converting power of the generated 
multi-carrier signal with a non-linear function whereby 

25 an input value is mapped in a direction an absolute value 
becomes larger near the origin and the map of the input 
value gradually approaches a predetermined value as the 
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map becomes distant from the origin; and transmitting 
the multi-carrier signal after the power conversion. 

Advantageous Effect of the Invention 
5 [0014] According to the present invention, peak power 
is suppressed with simple process without deteriorating 
error characteristics of multi-carrier signals.- 

Brief Description of Drawings 
10 [0015] 

FIG.l is a block diagram showing a configuration 
of a peak power suppressing apparatus according to an 
embodiment of the present invention; 

FIG. 2 is a block :diagram showing an internal 
15 configuration of a power conversion section according 
to Embodiment 1 of the present invention; 

FIG. 3 is a view explaining a peak power suppressing 
operation according to Embodiment 1; 

FIG. 4 is a view showing one example of a constellation 
20 of before power conversion according to Embodiment 1; 

FIG. 5 is aview showing one example of. a constellation 
of after power conversion according to Embodiment 1; 

FIG.. 6 rs a block diagram showing an internal 
configuration of a power conversion section according 
25 to Embodiment 2 of the present invention; and 

FIG. 7 is a view explaining another embodiment of 
the present invention. 
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Best Mode for Carrying Out the Invention 
[0016] Embodiments of the present invention will now be 
described in detail with reference to the drawings. The 
5 OFDM signal will be explained by way of example as a 
multi-carrier signal. 

[0017] 

(Embodiment 1) 

10 FIG.l is a block diagram showing a configuration 

of a peak power suppressing apparatus according to 
Embodiment 1 of the present invention. The peak power 
suppressing apparatus shown in the figure has: Modulation 
section 100; coding section 110; S/P (Serial/Parallel) 

15 conversion section 120; IFFT (Inverse Fast Fourier 
Transform) section 130; GI (Guard Interval) adding 
section 140; power conversion section 150; D/A 
( Digital /Analog ) conversion section 160; wireless 
transmission section 170; and antenna 180. 

20 [0018] Modulation section 100 modulates transmission 
: data and outputs the obtained modulated data to coding 
section 110. 

[0019] Coding section 110 codes the modulated data and 
outputs the obtained coded data to S/P conversion section 
25 120. 

[0020] S/P conversion section 120 S/P converts the coded 
data and outputs the obtained parallel data of a plurality 
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of sequences to IFFT section 130. 

[0021] IFFT section 130 performs inverse fast Fourier 
transform with the parallel data and superimposes the 
result on a plurality of sub-carriers to generate an OFDM 
5 signal . 

[0022] GI adding section 140 copies the end portion of 
the OFDM signal to the head and adds the guard interval. 
[0023] Power conversion section 150 converts the power 
of the OFDM signal using a non-linear function. 
10 Specifically/ power conversion section 150 includes tan""^ 
calculation section 152 and coefficient stora.ge section 
154/ as shown in FIG. 2, and converts the power of the 
OFDM signal with the following equation (1). 
[0024] 

15 y=a • tan"^ (b • x) ...Equation (1) 

In equation (1), a and b are predetermined 
coefficients, x is the power of the OFDM signal before 
conversion or the input value, and y is the power of the 
OFDM signal after conversion or the map of the input value . 

20 [002 5] Power conversion section 150 has the coefficients 
a and b of equation (1) stored in advance in coefficient 
storage section 154 and calls out the coefficients a and 
b by tan"*^ ca-lculation section 152 to perform the 
calculation of equation (1) . 

25 [0026] D/A conversion section 160 D/A converts the OFDM 
signal after power conversion and outputs the obtained 
analog signal to wireless transmission section 170. 
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[0027] 



Wireless 



transmission 



section 



170 



has 



an 



amplifier (not shown) , and amplifies the power of the 



transmission process such as up conversion, and transmits 
5 analog signal via antenna 180. 

[0028] The operation of the pealc power suppressing 
apparatus of the above-described configuration will now 
be explained in detail with reference to FIG. 3. 
[0029] First, the transmission data are modulated by 

10 modulation section 100, coded by coding section 110, S/P 
converted by S/P conversion section 120 whereby the 
parallel data of a plurality of sequences are obtained. 
The parallel data, obtained is subjected to inversion fast 
Fourier trans form by I FFT section 130, and the OFDM signal 

15 in which the data is superimposed on a plurality of 
sub-carriers is generated. 

[0030] In the OFDM signal generated, a plurality of 
sub-carriers that are mutually frequency orthogonal are 
added, and so the OFDM signal has high peak power. The 
20 input back off (IBO) of the amplifier (not shown) must 
be made large to. .have the OFDM signal having high peak 
power amplified in the amplifier (not shown) in wireless 
transmission section 170, which decreases power 
ef f iciency . 

25 [0031] The generated OFDM signal is thus input to tan"^ 
calculation section 152 of power conversion section 150 
and the power is converted. Specifically, tan'"*" 



analog 



s ignal , 



performs 



predet e rmined 



wireless 
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calculation section 152 reads the predetermined 
coefficients a and b from the coefficient storage section 
154 and performs computation using the tangent (tan"''') 
of equation (1). The predetermined coefficients a and 
5 b stored in the coefficient storage section 154 are 
coefficients defined in advance in accordance with the 
property of the amplifier (not shown) . 

[0032] The power of the OFDM signal performed with such 
calculation is converted, for example, in a; manner of 

rO the curve shown in FIG. 3. That is, in interval 2 00 near 
the origin where x^O, the converted power (y) Us greater 
than the actual power (x) (in x<0, converted power is 
smaller than the actual power), and in interval 210 in 
which X is larger, the converted power (y) gradually 

15 approaches a value shown with a broken line in the drawing. 
[0033] In other words, by converting the power through 
calculation using arctangent, the input value is mapped 
in a direction the absolute value becomes larger near 
the origin, and the map of the input value gradually 

20 approaches a predetermined value as it becomes distant 
from the origin. This means that the power having a small 
absolute value is converted so that the actual value 
becomes larger than actual, and the power having a large 
absolute value gradually approaches a predetermined value 

25 and is converted to a substantially constant value. 

[0034] As the input value is mapped in a direction the 
absolute value becomes larger near the origin, even if 
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the power of the OFDM signal before power conversion or 
the input value is small, the power thereof is prevented 
from being cut off as quantization error, or being removed 
as a noise . 

5 [0035] Since the map of the input value gradually 
approaches a predetermined value, the OFDM signal having 
peak power that is simply cut in clipping and the like 
remains in a power suppressed manner without being cut, 
and thus information is not lost, and deterioration of 

10 error characteristics is prevented. 

[0036] The power converted OFDM signal is D/A converted 
by D/A conversion section 160 and the obtained analog 
signal is output to wireless transmission section 170. 
The analog signal has the power amplified by an amplifier 

15 (not shown) , and performed with a predetermined wireless 
transmission process such as up conversion and then 
transmitted via antenna 180. 

[0037] The signal transmitted from antenna 180 is 
received by a receiving apparatus (not shown) , in which 

20 receiving apparatus, a conversion is performed to restore 
the calculation using arctangent performed by power 
conversion section 150. In the receiving apparatus (not 
shown), however, good error characteristics may be 
obtained without performing the conversion of reversing 

25 the calculation using arctangent. When performing the 
restoring conversion, the power conversion may be 
performed simultaneously with the A/D conversion. 
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Further, the calculation amount in the receiving 
apparatus (not shown) does not increase if the reverse 
conversion is not performed. 

[0038] FIG. 4 is a view showing an example of signal point 
5 constellation, in which the OFDM signal before power 
conversion that is output from GI adding section 140 is 
plotted on an IQ plane. Signal power corresponds to the 
distance from the origin on the IQ plane, and thus signal 
point 300 shown in FIG. 4, for example, is greatly distant 
10 from the origin and indicates an OFDM signal having peak 
power . 

[0039] FIG. 5 is a view showing an example of signal point 
constellation in which the OFDM signal after power 
conversion by power conversion section 150 is plotted 

15 on the IQ plane. As apparent from the. figure, the pealc, 
power of the OFDM signal is completely suppressed. 
[0040] According to the present embodiment, the power 
of the OFDM signal generated through inverse fast Fourier 
transform is conversed using arctangent or a non-linear 

20 function, and thus the peak power is suppressed a simple 
calculation without deteriorating - the error 
characteristics . 
[0041] 

( Embodiment 2 ) 

25 The feature of Embodiment 2 of the present invention 

is that the coefficients of the calculation using 
arctangent are determined according to' various 
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parameters • 

[0042] The overall configuration of the peak power 
suppressing apparatus according to the present embodiment 
is similar to the peak power suppressing apparatus of 
5 Embodiment 1 (FIG.l) and thus the explanation thereof 
is omitted. However, the internal conf igurat ion of the 
power conversion section 150 according to the present 
embodiment differs from Embodiment .1 (FIG. 2) . 
[0043] FIG. 6 is a block diagram showing a configuration 

10 of power conversion sect ion 150 according to Embodiment 
2. Inthe figure, components similar to FIG. 2 are denoted 
with the same reference characters, and thus the 
explanation thereof is omitted. Power conversion 
section 150 shown in FIG. 6 includes tan"-*- calculation 

15 section 152, coefficient determination section 156, and 
parameter acquisition sectionl58. 

[0044 ] Coefficient determination section 156 determines 
the coefficients a and. b of equation (1) according to 
parameters such as the characteristics of the amplifier 

20 (not shown) in the wireless transmission section 170, 
the number of multiplex codes, the modulating scheme in 
modulation section 100, the spreading factor, the coding 
rate in coding section 110 and so forth.' 
[0045] Parameter acquisition section 158 acquires 

25 various parameters mentioned above and outputs them to 
coefficient determination section 156. 

[0046] In equation (1), (distance between the broken 
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lines in FIG. 3) the width asymptotic values increases 
. when_th.e coefficient a is made large, and the rise of 
the curve near the origin becomes steep when the 
coefficient b is made large. In the present embodiment, 
5 suitable coefficients are determined according to the 
environment of communication using the above-noted 
characteristics and calculation is performed. 
[0047] Thus, according to the present embodiment, the 
coefficient of the non-linear function is determined 

10 according to the acquired parameters and the power of 

i 

the OFDM signal is converted by such non-linear; function, 
thereby allowing suitable non-linear functions to be 
constantly determined even if the communication 
environment changes. 

15 [0048]. In each of the above-described embodiment s, power 
conversion is performed with the non-linear function 
using arctangent, but the power conversion may be 
performed by dividing the non-linear function to a 
plurality of portions, and approximating each portion 

20 to a line of a linear function, as shown in FIG. 7. By 
thus approximating a non-linear function using a linear 
function, the /calculation is further facilitated, and 
the cost required for mounting the arithmetic circuit 
is reduced . 

.25.; [004 9] In each of the above-described embodiments, the 
power of an OFDM signal is converted by a non-linear 
function using an arctangent, yet, besides the above 
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methods using arctangent, similar advantages can be still 
achieved by, for example, mapping the input value in a 
direction the absolute value increases near the origin 
and the or by using a non-linear function whereby the 
5 map of the input value approximates a predetermined value 
as it becomes distant from the origin. 

[0050] A peak power suppressing apparatus of the present 
invention employs a configuration having: a generation 
section that generates a multi-carrier signa'l in which 

10 data is superimposed on a plurality of carriers; a 
conversion section that converts power of the generated 
multi-carrier signal with a non-linear function whereby 
an input value is mapped in a direction an absolute value 
becomes larger near the origin and the map of the input 

15 value gradually approaches a predetermined value as the 
map becomes distant from the origin; and a transmission 
section that transmits the multi-carrier signal after 
the power conversion. 

[0051] According to this configuration, the power of the 
20 multi-carrier s ignal' -i"s' ■ conVe'rted with the non-linear* 
function whereby the input value is mapped in a direction 
the absolute value becomes larger near the origin and 
the map of the input value gradually approaches a 
predetermined value as it becomes distant from the origin 
25 and t ransmi 1 1 ed . Thus, the sigrial:of small power is not 
cut off as quantization error and the like and the signal 
of peak power is not cut. Consequently, peak power is 
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suppressed with simple process without deteriorating the 
error characteristics of the multi-carrier, signal. 
[0052] The peak power suppressing apparatus of the 
present invention also employs a configuration in which 
5 the conversion section converts the power of the 
multi-carrier signal with the non-linear function using 
an arctangent. 

[0053] According to this configuration, the power of the 
multi-carrier signal is converted with the non-linear 
10 function using an arctangent, and thus a' general 
non-linear function can be used for power conversion and 
an arithmetic calculating circuit and the like may be 
used . 

[0054] The peak power suppressing apparatus of the 
15 present invention also employs a configuration in which 
the conversion section has a coefficient storage section 
that stores coefficients of the non-linear function, and 
an arctangent calculation section that performs 
arctangent calculation with the power of the 
20 multi-carrier signal using the stored coefficients. 

[0055] According to such configuration, the arctangent 
calculation is performed with the power of the 
multi-carrier signal using the stored coefficients, and 
thus the coefficients do not need to be calculated, and 
25 the calculation ■ amount . is reduced. • 

. [0056] The peak power suppressing apparatus " of* the 
present invention also employs a configuration in which 
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the conversion section has a parameter acquisition 
section that acquires the parameter providing an 
indicator of the communication environment, a coefficient 
determination section that determines the coefficient 
5 of the n on -linear function based on the acquired parameter, 
and an arctangent calculation section that performs 
arctangent calculation with the power of the 
multi-carrier signal using the determined coefficient, 
[0057] According to this configuration, the coefficient 

10 is determined based on the parameters acting as the index 
of the communication environment, and the arctangent 
calculation is performed on the power of the mult i- car rier 
signal using the determined coefficient, and thus power 
conversion can be performed with a suitable non-linear 

15 function corresponding to the communication environment, 
and the peak power suppressing effect is further enhanced. 
[0058] The peak power suppressing apparatus . of the 
present invention also employs a configuration in which 
the parameter acquisition section acquires at least one 

20. parameter from: power amplifier characteristics of.the* 
peak power suppressing apparatus; and the number of 
multiplexed codes, modulation level, or coding rate of 
the multi-carrier signal. 

[0059] According to this configuration, at least one 
25 parameter .is acquired from:. . power amplifier 
characteristics of the peak power suppressing apparatus ; 
and the number of multiplexed codes, modulation level. 



2F04154-PCT 17 

or coding rate of the multi-carrier signal, and thus the 
coefficient of the non-linear function is determined from 
the parameter related to the peak power of the 
multi-carrier signal, and the peak power suppressing 
5 effect is further enhanced- 

[0060] The peak power suppressing apparatus according 
to the present invention also employs a configuration 
in which the conversion section converts the power of 
the multi-carrier signal after approximating the 

10 non-linear function with a linear function.- 

[0061] According to this configuration, the power of the 
multi-carrier signal is converted after approximating 
the non-linear function with the linear function, and 
thus the calculation for power conversion is further 

15 facilitated, and the cost required for mounting the 
arithmetic circuit is reduced. 

[0062 ] A base station apparatus according to the present 
invention employs a ' configuration having a peak power 
suppressing apparatus having the above-noted 

20. configurations. 

[0063] According to this configuration, effects similar 
to the peak power suppressing apparatus of any of the 
above can- be achieved in the base station apparatus. 
[0064] A mobile station apparatus' of the present 

25 invention employs a configuration having the peak power 
suppressing apparatus having the above-noted 
configurations- 
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[0065] According to this configuration, effects similar 
to the peak power suppressing apparatus of any of the 
above are achieved in the mobile station apparatus. 
[0066] A pealc power suppression method according to the 
5 present invention has the steps of: generating a 
multi-carrier signal in which data is superimposed on 
a plurality, of carriers; converting power of the generated 
multi-carrier signal with a non-linear function whereby 
an input value is mapped in a direction an absolute value 

10 becomes larger near the origin and-the map of the input 
value gradually approaches a predetermined value as the 
map becomes distant from the origin; and transmitting 
the multi-carrier signal after the power conversion. 
[0067] According to this method, the power of the 

15 multi-carrier signal is converted with the non-linear 
function in which the input value is mapped in a direction 
the absolute value becomes larger near the origin and 
the mapping of the input value gradually approaches a 
predetermined value as it becomes distant from the origin 

20 and, then transmitted. Thus, the signal of small power 
is not cut off as quantization error and the like, and 
the signal of peak power is not cut. Consequently, the 
peak power is suppressed with simple process without 
deteriorating the error characteristics of the 

25 multi-carrier signal. 

[0068 ] The present specif ica.tion is based on Japanese 
Patent Application No. 2003-280553 filed on July 28, 2003, 
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the overall content of which is incorporated herein by 
reference . 

Industrial Applicability 
5 [0069] The peak power suppressing apparatus and the 
method of suppressing peak power according to the present 
invention are suitable for use in a peak power suppressing 
apparatus and a method of suppressing peak power for 
suppressing the peak power of the multi-carrier signal 
10 represented by the OFDM signal with simple process without 
deteriorating the error characteristics of mul t i- car r ier 
signals . 



